Methods
Simulation and modeling. The velocity distribution of fluid flow in the trapping barrier structure was analyzed based on the laminar flow law of Newton fluid using commercial software for computational fluid dynamics (CFD) simulation 1,2 . GAMBIT software was used to establish a 3D microfluidic system. Then, the mesh file was introduced into ANSYS FLUID software by setting proper compute parameters under acceptable grid densities and local grid refining. In the CFD simulation, the laminar flow module was selected, which enabled the motion type present in the system to be determined and the flow velocity profile to be analyzed by the Navier-Stokes equations for an isothermal incompressible fluid. The viscosity and density of the buffer solution were assumed to be identical to that of water.
AFM measurements. MCF-7 and TPA-induced MCF-7 cells were cultured on 6-cm cell culture dishes and all measurements were performed in culture medium at 37°C. The AFM (Bioscope, Bruker Corporation, Billerica, MA) was equipped with an inverted light microscope (Olympus IX81) so that the conditions of the live cells were constantly monitored. Silica microparticle (diameter of 5 µm) modified silicon nitride cantilevers (Novascan Technologies, Ames, IA) with approximate spring constant values of ~ 0.06 N/m were employed to measure cell stiffness. The exact spring constant value was measured by thermal tuning method. Probes were positioned at the cells' nuclei proximities under optical control, and force curves were acquired at a sample rate of 1Hz with an indentation force of 10 pN. The calculation of Young's modulus was performed based on the Hertz model using the Nanoscope analysis program from Bruker corporation, where F = force, E = Young's modulus, ν = Poisson's ratio (ν = 0.5, in this study), R = radius of the indenter (R = 2500 nm, in this study), and δ = indentation depth. To obtain Young's moduli, at least 80 cells were measured.
After measurement of single cell force spectroscopy, cells were fixed with 4% paraformaldehyde for 30 min at room temperature and washed twice with PBS. AFM imaging of fixed cells was carried out in PBS at room temperature. The AFM was operated in the contact mode using a MLCT-C cantilever (nominal spring constant, k = 0.01 N/m, Bruker Corporation, Billerica, MA) at a scan rate of 1 Hz. The AFM images were processed using the Nanoscope analysis program.
On-chip immunofluorescence imaging for tumor cell identification. Tumor cells, dissociated from the mouse tumor center and periphery, were flowed into the microfluidic chip that had been pre-coated with 1% BSA-containing PBS buffer. The trapped cells were fixed and permeabilized following the same protocol described above. Next, the cells were incubated with the antinucleus antibody (1:100, Millipore, Billerica, MA) in 3% BSA-containing PBS solution. After rinsing 2-3 times with PBS, cells were incubated with Alexa 488-conjugated secondary antibody for 1 h. Finally, cell nuclei was counterstained using Hoechst 33342 (Life Technologies) for 10 min, followed by PBS rinsing for 2-3 times. The stained cells were observed with an Olympus IX81 inverted fluorescence microscope.
Results
Simulation and stress analysis. Supplementary Figure S1a Eq 6 where µ is the friction coefficient. Finally from Eq 1, 2, and 6, we get where E is the elastic modulus, µ is the friction coefficient, is the dynamic viscosity which is a constant, v is the flow rate, g is the gap width, D is the cell diameter, and K is the shape factor.
From the simulation results, v can be regarded as a constant. K is determined by cell shape. Cells have similar shape between microposts when they squeeze through gaps. The trapped cell can be simplified to a cylinder, indicated by the blue line in Supplementary Figure S1c . In the study of David leith, K is around 1.5 for a cylinder 3 . Therefore, we approximate that K remains nearly constant for each cell. Then, Eq 7 can also be written as Figure S6b) . Decreased cell stiffness benefits cell deformation when squeezing through small gaps, which may explain why MCF-7/TPA had increased transportability in chip.
Tumor cell identification. Tumor cells were identified by human specific anti-nucleus staining.
Supplementary Figure Table S1 ). The tumor center had 97.1% cancer cells, whereas the tumor periphery had 95.1% cancers cells. Figure S10
